Abstract To study the effect of primary and delayed primary closure of skin incision on wound outcome in patients with non-traumatic ileal perforation, 68 patients of ileal perforation were studied in a prospective randomized clinical trial. Patients fulfilling inclusion criteria were divided into ileostomy and non-ileostomy groups, both of which were then randomized into two subgroups each depending on whether skin was closed primarily or in a delayed primary manner. Wound infection and dehiscence were the main outcome parameters studied. The data collected was analyzed using appropriate statistical tools taking significant p value at 5 %. Most patients were 21-30 years of age. Male:female ratio was 3.2:1. The overall incidence of wound infection was 63 %. Wound infection was strongly associated with the incidence of superficial wound dehiscence and total wound dehiscence that were 11.76 and 47 %, respectively. Mortality was 10.3 %. Methodology of wound closure has no significant impact on incidence of wound infection, wound dehiscence, and mortality, although the onset of wound complications is significantly delayed with delayed primary closure of the skin.
Introduction
Peritonitis due to ileal perforation is a common surgical emergency worldwide [1, 2] . Enteric fever is one of the commonest causes of ileal perforartion, followed by non-specific inflammation, tuberculosis, and trauma [3, 4] . Ileal perforation carries a high morbidity and mortality [3, 5, 6] . Early surgery and either primary closure of the perforation or its exteriorization as ileostomy are considered the best treatment for ileal perforation [3, 7, 8] . During surgery, however, contamination of the surgical wound by intestinal contents may lead to increased incidence of wound infection [9] [10] [11] . Wound infection increases the incidence of wound dehiscence and related morbidity, posing a significant impact on health care resources and costs [12] . Risk factors increasing the incidence of wound complications in patients with ileal perforation include advanced age, malnutrition, anemia, hypoproteinemia, uremia, type of suture used, use of drains, surgeon's experience, steroid use, abdominal distension, pulmonary disease, and positive intraoperative cultures [13, 14] . In patients with these factors, measures can be taken at the time of wound closure to reduce the incidence of wound infection. The method of skin closure has been implicated as an important factor influencing postoperative wound complications [9, [15] [16] [17] , although various studies conducted addressing this issue report diverse results [15, 16, 18, 19] . This study was done to investigate the effect of primary skin closure (PSC) and delayed primary skin closure (DPSC) techniques on wound outcome following laparotomy for non-traumatic ileal perforation.
Methods
This prospective randomized trial was conducted on 68 patients of all ages and either sex meeting the entry criteria, undergoing laparotomy through midline incision for nontraumatic ileal perforation, over a period of 19 months.
The patients with duodenal ulcer perforation, perforation secondary to obstruction, volvulus, strangulation, immunocompromised states, diabetes mellitus, uremia, jaundice, chronic pulmonary disease, and history of previous laparotomy were excluded. All eligible patients received same antibiotics in peri-operative period. Mannheim peritonitis index (MPI) score was calculated. Laparotomy was performed in all patients by midline vertical incision. The findings including the degree of peritoneal contamination were recorded. Peritoneal contamination was classified as mild, moderate, or severe if the volume of the peritoneal fluid was <500, 500-1000, or >1000 ml, respectively. Tissue from the edge of the perforated ulcer was taken for histopathological examination in all patients. In some patients, other abnormal or suspicious tissues like lymph node and omentum were also biopsied. The patients were then divided into two groups, depending whether ileostomy was done or not as a part of treatment (group 1 ileostomy group and group 2 nonileostomy group).
The patients were then randomly allocated to a method of skin closure technique (either PSC or DPSC) by using computer-generated random numbers, thus dividing the two groups into subgroups as subgroup A, PSC, and subgroup B, DPSC. Two boxes were made, one labeled as ileostomy and the other as non-ileostomy containing equal number of slips labeled with numbers of PSC or DPSC. Once the decision on the mode of operative procedure (ileostomy or non-ileostomy) was made, a slip from that particular box was picked up, and accordingly, the patient underwent PSC or DPSC. The number labels were stuck onto the patient's proforma for identification purposes. Thus, we had the following four subgroups: subgroup 1A, ileostomy with primary closure of the skin; subgroup 1B, ileostomy with delayed primary closure of the skin; subgroup 2A, primary closure of ileal perforation and skin; and subgroup 2B, primary closure of ileal perforation and delayed primary closure of the skin.
On conclusion of laparotomy, the abdominal wound was closed in similar manner in both groups till the rectus sheath, using continuous monofilament no. 1 polypropylene suture. After irrigation of the wound with copious amount of saline, in subgroup A, the skin was closed by interrupted sutures using nylon 2-0 suture. In subgroup B, the skin and subcutaneous layer was left unsutured and the wound was dressed with saline-soaked gauge. All wounds in subgroup B were closed on fourth postoperative day except in cases where the wound exhibited purulent discharge. The technique of skin closure was same as that in subgroup A. The dressing was not opened till second postoperative day in either group unless it was soiled. The wound was examined on second and fourth postoperative days. In cases of wound infection, pus was drained, a sample sent for microbiological investigations, and antibiotic therapy was instituted. In patients with satisfactory wound healing, the sutures were removed on 10th postoperative day. Patients in whom wound could not be sutured because of infection, the wound was left for a further period till decision for delayed suturing/healing by secondary intention was made. Postoperatively patients were observed for 1. Wound infection, purulent discharge, skin eryhema, tachycardia, fever, or leukocytosis. 2. Wound dehiscence, superficial (if the gaping was confined to skin and subcutaneous tissue) and total (if the musculo-aponeurotic layer also gave way).
The duration of hospital stay was recorded. The patients were followed for a minimum of 1 month. The data was entered in a predesigned proforma. Univariate analysis was done using Student's t test, Pearson's chi-squared test, and Fischer's exact test. Multivariate analysis was done only for significant variables (determined by univariate analysis) using forward stepwise likelihood ratio, taking 5 % as significant level.
Results
Over the study period, 194 patients with non-traumatic smallbowel perforation attended our hospital. Of these, 68 patients met the entry criteria and were included in the study after obtaining formal written consent. Thirty-eight patients underwent ileostomy (group 1), with 19 patients each randomized to PSC (group 1A) and DPSC (group 1B) groups. Thirty patients were treated without ileostomy (group 2), and 15 cases each were randomized to PSC (group 2A) or DPSC (group 2B) groups.
Majority of patients were aged 21-30 years (n = 23, 33.8 %). The difference in mean age of patients in subgroups 1A and 1B and that in subgroups 2A and 2B was not statistically significant (p = 0.1225 and 0.6081, respectively). The male to female ratio was 3.2:1. The male:female ratio in groups 1 and 2 were 2.16:1 and 9:1, respectively; the difference was statistically significant (p = 0.0417). However, the gender difference among the subgroups could not attain statistical significance.
Commonest cause of perforation was non-specific inflammation ( Table 1) . The overall mean duration of peritonitis was 67.0 ± 43.85 h (range 27 to 202 h). The mean duration of peritonitis for group 1 (ileostomy group) was 77.5 ± 49.68 h as compared to that of group 2 (non-ileostomy group) 53.8 ± 31.11 h. The difference between the two groups was statistically significant (p = 0.019). However, this difference among subgroups was not statistically significant.
Mean pre-operative in-hospital time in subgroups 1A and 1B were 8.63 ± 3.131 and 9.26 ± 4.254 h, respectively; the difference between these was not significant (p = 0.6063). The same scores in subgroups 2A and 2B were 8.60 ± 3.661 and 7.40 ± 4.323 h, respectively; the difference again was not significant (p = 0.4189). All patients were operated within 24 h of admission. The difference between the degree of peritoneal contamination among the subgroups, i.e., subgroup 1A versus subgroup 1B and subgroup 2A versus subgroup 2B, did not attain statistical significance (p > 0.0562 and p > 0.4493, respectively).
Mean MPI score was 31.16 ± 3.87 (range 21-38). The disease-wise MPI is mentioned in Table 2 . In subgroups 1A and 1B, mean MPI scores were 32.16 ± 3.078 and 33.32 ± 2.868, respectively; the difference was insignificant (p = 0.2375). The same scores in subgroups 2A and 2B were 29.80 ± 3.840 and 28.33 ± 4.030, respectively; the difference was again insignificant (p = 0.3155).
Most common organism isolated from pus culture was Escherichia coli in 24 patients (35 %) followed by mixed growth in six cases (8.8 %) and Klebsiella in three cases (4.4 %) and Staph aureus, Enterobacter, and Pseudomonas in one patient each (1.4 %) and no growth in five cases (7.3 %). However, no significant difference was found regarding the organism isolated in various subgroups (p = 0.906).
Loop ileostomy was the preferred procedure and was performed in all patients except four patients who underwent resection of bowel for multiple perforations, and either a double barrel or end ileostomy was performed in them. The overall incidence of wound infection was 63 % (n = 43). In subgroup 1A, incidence of wound infection was 74 % (n = 14). In subgroup 1B, DPSC could not be done in six patients because of infected wound. Out of remaining 13 patients who underwent DPSC, 8 patients developed wound infection. However, the difference among the two subgroups did not attain statistical significance (p = 0.7341). In subgroup 2A, incidence of wound infection was 53 % (n = 8). In subgroup 2B, three patients (20 %) could not undergo DPSC because of infected wound. Among 12 patients that underwent skin closure, 4 patients developed wound infection. The difference between these two subgroups however was insignificant (p = 0.5160). The difference between incidence of wound infection in group 1 and group 2 (73.6 and 50 %, respectively) was found to be statistically significant (p = 0.044). Onset of wound infection, superficial wound dehiscence (SWD), and total wound dehiscence (TWD) were significantly delayed with DPSC in both groups ( Table 3 ). The wound outcome parameters in various subgroups are summarized in Table 4 .
Out of 43 patients with wound infection, 32 (74 %) developed TWD. The association between wound infection and TWD was found statistically significant (p = 0.000). All 32 patients who developed TWD had wound infection. Mean hospital stay was 14.46 ± 10.49 days (range 5-56 days). Mean duration of hospital stay in subgroups 1A and 1B were 12.95 ± 10.35 and 17 ± 10.5 days, the difference being statistically insignificant. Hospital stay in groups 2A and 2B were 13.73 ± 12.2 and 13.93 ± 9.2 days, respectively; the difference again was found insignificant.
The incidence of wound infection increased with increasing peritoneal contamination (Table 5) ; the association was statistically significant (p = 0.008). Wound infection also increased with MPI score of >32, irrespective of the type of skin closure technique. Wound infection was 6.8 times more likely and TWD was 14 times more likely in patients with MPI score of >32.
There was no incidence of leak. Seven (10.3 %) patients died. All deaths occurred in ileostomy group (18.4 %), and they all had MPI score of more than 32. The difference in mortality between two groups was statistically significant (p = 0.015).
Discussion
Peritonitis due to ileal perforation deserves attention as it is prevalent in developing countries, primarily effects young patients and carries a high morbidity and mortality. We studied 68 consecutive patients of ileal perforation meeting the entry I-PSC ileostomy-primary skin closure, I-DPSC ileostomy-delayed primary skin closure, NI-PSC non-ileostomyprimary skin closure, NI-DPSC non-ileostomy-delayed primary skin closure, n = number of patients criteria for the study. The majority of patients were in second and third decades of their life. This observation is similar in some other studies also [3, 6, 7, 20] . The male:female ratio of 3.2:1 is also comparable to the study by other authors [4, 6, 20] . Male preponderance has also been reported in various other series [2, 7, 8, [21] [22] [23] . More females underwent ileostomy; the reason may be that the women in our society are usually neglected and present late with advanced peritonitis. The increased peritoneal contamination associated with delayed presentation in peritonitis may influence a surgeon's decision to perform ileostomy, explaining the large number of females undergoing ileostomy. The incidence of typhoid as a cause of bowel perforation was low. Wani et al. [4] reported enteric perforation in 62 % patients in their series, while Jhobta et al. [2] and Afridi et al. [1] have reported frequencies of 8 and 17 %, respectively. In various studies, the typhoid perforation was assumed either on clinical grounds alone, a positive Widal test or operative findings [1, 4, 24] . The low incidence of typhoid as a cause of perforation in this study may be due to the stringent criteria for defining typhoid ileal perforation. We designated a perforation to be caused by typhoid only if mononuclear infiltration and erythrophagocytosis were demonstrated on histopathological examination [24] . The mean duration of peritonitis was significantly more in group 1 (p = 0.019), indicating that the surgeon's decision of making stoma was justified in most cases. Literature also supports stoma formation as a preferred modality of treatment in advanced peritonitis [7, 8, 24] . The patients in both groups who could not undergo DPSC because of wound infection (WI) and had poor wound outcome later either had MPI > 32 and/or severe peritoneal contamination with a few having bowel edema and multiple perforations, suggesting that these factors also play a role in determining the wound outcome.
The pre-operative hospital stay was similar in both groups (p = 0.314). All patients underwent surgery within 24 h of admission. In various other series also, the patients of typhoid ileal perforation were operated within 24 h [2, 3, 8, 25, 26] .
The incidence of severe peritoneal contamination was similar to the findings of Malik et al. [8] . However, this has been reported less in other studies [3, 27] . The severe degree of peritoneal contamination is due to delayed presentation to the hospital and is responsible for the high incidence. WI was more in patients with moderate and severe degree of peritoneal contamination (DOPC) (p < 0.008). However, the difference in incidence of WI among the four subgroups was not significant, indicating that WI is more likely to depend on DOPC rather than the type of skin closure.
To predict the outcome of patients with peritonitis, several scoring systems have been used. MPI score used in the study has high sensitivity and specificity. In addition, it is simple, effective, and reliable [28, 29] . MPI score was significantly higher in ileostomy group as compared to the non-ileostomy group (p = 0.000). This is expected as patients undergoing ileostomy were in advanced peritonitis. The MPI score of >32 was significantly associated with WI (p < 0.000). This is supported by Gedik et al. [30] .
WI was the most common morbidity; this has been reported by others also [3, 20, 25, 31, 32] . We observed a higher incidence of wound infection in the ileostomy group that was statistically significant as compared to the non-ileostomy group. This was comparable to the study done by Adesunkanmi et al. [3] . WI is multifactorial and depends on the clinical condition of the patient and associated co-morbidities, virulence of the organism, host resistance, duration of peritonitis, amount of contamination, and differences in hygiene and aseptic techniques. These factors may explain variable incidence of WI reported in different studies. All aforementioned factors and other exogenous sources of infection would also have played their part in the causation of wound infection in the peri-operative. However, as the study was randomized and these factors remained same for all patients, this would probably have nullified the influence of these parameters on any selective group.
It was interesting to note that DPSC significantly delayed the onset of WI. This can be explained by the fact that DPSC prevents the formation of seroma and anaerobic environment in the wound, thus avoiding bacterial proliferation. Few authors have reported a lower incidence of WI following DPSC than PSC [15] [16] [17] . These authors postulated that in the patients undergoing PSC, the bacteria are trapped in the subcutaneous tissue. This space has poor vascularity, and the collection of exudates, blood clots, and other surgical debris in this space provide an excellent culture medium, allowing bacteria to grow and multiply rapidly leading to increased incidence of WI. However, there was no significant difference in the incidence of WI among the four subgroups, indicating that development of WI is multifactorial. The incidence of SWD was 12 %. Edino et al. [25] and Cliby et al. [33] in their study found the incidence of SWD of 7.6 and 5 %, respectively. The higher incidence of SWD in this study may be due to the higher incidence of WI; however, the incidence of SWD was not significantly different among the four subgroups, suggesting that the skin closure technique has no role in altering the incidence of SWD.
The incidence of 47 % of TWD is comparable to that reported by Capoor et al. [6] (49 %). Adesunkanmi et al. [3] and Edino et al. [25] have reported the incidence of TWD as 34 and 24.2 %, respectively. In subgroup 1A, seven patients (36.8 %) experienced TWD in less than 4 days after surgery. It may be difficult to narrow down to a single factor for this high incidence of early TWD observed in one subgroup, considering the fact that the etiology of wound dehiscence is multifactorial. Common factors for early TWD are poor technique of abdominal closure and use of an unsuitable suture for closing the laparotomy wound. However, the method of abdominal wall closure was same in all patients, so this should not be the cause of high incidence of TWD in this subgroup. The development of TWD was significantly delayed by DPSC in group 1 (p = 0.0018). This may be due to the increased tensile strength of the wounds undergoing DPSC as compared to the wounds closed primarily that may have prevented the burst abdomen for a longer duration. Wound infection was found to be the antecedent cause for total wound dehiscence. This is also reported by various other authors [3, 13] .
Four patients had multiple ileal perforations. The perforation-bearing segment of ileum was resected, and a n number of patients with WI a More than one variable was present in same patient double barrel or end ileostomy was performed in these patients. Two of them developed wound infection. There was no incidence of enterocutaneous fistula. Mean hospital stay in our study is comparable to that reported by Edino et al. [25] . There was no difference among the four subgroups with regards to the duration of hospital stay, indicating that DPSC can be done in selected patients without prolonging the hospital stay.
The mortality rate was 10.3 %. This was comparable to other series [7, 8, 34] . All deaths occurred in ileostomy group. This is expected as the patients in this group were sicker. All patients who died had an MPI score of >32.
The wound-related complications were similar in both groups; however, the onset of wound complications was significantly delayed in patients when delayed primary closure of the skin was performed. Based on this observation, we recommend that delayed primary skin closure should be done in all patients undergoing laparotomy for peritonitis. However, more studies with larger number of patients will further add to the existing knowledge and will help in clarifying this issue better.
Conclusions
Methodology of wound closure has no significant impact on incidence of WI and TWD; however, onset of WI, SWD, and TWD is significantly delayed when wounds undergo DPSC.
